Rat brain primary neurons immobilized in basement membrane gel threads: an improved method for on-line 13C NMR spectroscopy of live cells.
In vivo MRS studies on intact brain reflect the metabolism of all cells present, but do not distinguish between different cell types. NMR studies of immobilized cultured primary cells, such as neurons and astrocytes, are a useful model to monitor the specific differences in metabolism of the various cell types in the brain. The present study shows that primary rat neuronal cells can be cultured in basement membrane gel threads. After 4 days of incubation the threads are filled with viable cells, and represent a population of morphologically differentiated neuronal cells with less than 5% of non-neuronal cells, i.e., astrocytes. These threads were placed into a NMR tube and used for on-line monitoring of neuronal metabolism. Under these conditions cells remained viable and metabolically active for several days. The energy status was monitored by using 31P NMR spectroscopy. To study neuronal glucose metabolism [1-13C]glucose was added to the perfusion medium and 30 min later 13C-labeled metabolites were detectable by 13C NMR spectroscopy. Immobilized neurons synthesized glycolytic products such as [3-13C]lactate and [3-13C]alanine, as well as several tricarboxylic acid cycle products, i.e., [2-13C]glutamate, [3-13C]glutamate, [4-13C]glutamate, [2-13C]aspartate, and [3-13C]aspartate. In summary, 31P and 13C NMR spectra can be recorded from live neuronal cells for up to 24 h using the newly designed procedure described in the present communication.